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Abstract

In sheet metal forming, drawbeads play an important role in material flow control. In this paper the results of simula-
tions of drawbeads and equivalent drawbeads are experimentally verified. Strain and thickness variations were measured
for a rectangular drawpiece. FEM modelling was done with commercial software LS-DYNA using explicit and implicit
FEA codes. Three-dimensional numerical simulations were run using Hill’s 1948 anisotropic yield function and the
Barlat-Lian (1989) constitutive model. Calculations relating to the gravitational force loading and the drawing process
were done using the explicit method and the spring back simulation was carried out using the implicit method. The nu-
merical simulation results were verified through the measurement of principal strains in selected cross sections of the
drawpiece. As regards the principal strain distributions and the final drawpiece dimensions, good agreement between the
experimental measurements and the FEM calculations was obtained. The best agreement for real drawbeads results oc-
curred under the Barlat-Lian criterion. In the model an equivalent drawbead is represented by a line on the surface of the
tools, along which the prescribed drawbead restraint force (DBRF) were exerted. This means that calculating the draw-
bead restrain force from formula and describing the sheet material by means of the Barlat-Lian criterion one can success-
fully use equivalent drawbeads.
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into the die. The drawbead introduces additional
forces (acting in the direction opposite to that of

1. INTRODUCTION

Drawbeads play a key role in the forming of
metal sheets for car body components. In order to
select a proper drawbead shape and location many
expensive tool prototypes need to be made. In order
to avoid this and to correctly design the forming
process, FEM simulations are carried out (Zimniak,
2006). In numerical simulations drawbeads can be
faithfully reproduced geometrically, but in order to
reduce the computing time the so-called equivalent
beads are used (Chen & Liu, 1997; Firat, 2008; Sun
etal., 2010).

The function of a drawbead located on the
blankholder’s surface is to control the material flow
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forming) tensioning the metal sheet, and a series of
local processes: sheet bending, levelling and bending
in the opposite direction. As the metal sheet passes
over the drawbead it becomes thinner and is addi-
tionally strain hardened. Drawbeads function as
brakes and generate additional tensile stresses,
whereby they prevent folds from forming on the
drawpieces. Folding during forming is the result of
different resistances to material flow in the different
parts of the drawpiece. In order to ensure a possibly
uniform distribution of flow resistance, drawbeads
are used in the places where the material flows more
easily. For this purpose the geometric location of
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drawbeads is optimized by means of various nu-
merical algorithms (Liu et al., 2002; Marczewski &
Sosnowski, 2003; Sheriff et al., 2008). Also draw-
piece spring back can be minimized through the
optimum design of the drawbeads (Song et al.,
2005).

As part of this research the results of the FEM
modelling of drawbeads (including equivalent draw-
beads) by means of the LS-Dyna software were ex-
perimentally verified. Also the numerical calculation
results for metal sheet formability, geometric dimen-
sions and principal strains were experimentally veri-
fied.

2. NUMERICAL MODEL OF FORMING
PROCESS WITH DRAWBEADS

A rectangular drawpiece with four drawbeads
was used in the FEM analysis of the forming proc-
ess. Geometrical dimensions of drawpiece were
200x150x50 mm. The calculation model compo-
nents, the adopted arrangement of the drawbeads
and their basic geometric dimensions are shown in
figure 1.

punch
blankholder

drawbead

hance in-plane bending behavior. It uses a local ele-
ment coordinate system (similar to the used for the
Belytschko-Tsay element) that rotates with the ma-
terial to account for rigid body motion and automat-
ically satisfies frame invariance of the constitutive
relations. Two models describing the plasticity sur-
face of the material were adopted. One of the models
was Hill’s (1948) anisotropic function (LS-Dyna
MAT37):

F(Gzz _‘533)2 + G(Gss _611)2 +H(611 — 0Oy )2 +
2165, +2Mc;, +2No, —1=0 (1)

where: the constants F', G, H, L, M, and N are related
to the yield stress. The other model was the Barlat-
Lian (1989) constitutive model (LS-Dyna MAT36):

K, +Ks[" + UK, K[+ 2K =207 @)

where:
K — O-ll+h622 .
1 5 >
o, —ho ?
® K2=\/(—“ 5 ) +r't, ()

a, b, ¢, h — constants defined by plastic
strain ratios: ry, 745 and rog, m — a con-
stant,o, — yield stress.

blank

die

One millimetre thick steel DCO04
(EN10130) was adopted as the sheet
material. A constant Coulomb friction

Fig. 1. Tooling system a), and geometry of drawbeads b)

Sheet metal forming was simulated using the
LS-Dyna software and two computing methods: the
explicit dynamic analysis and the implicit static
analysis. The finite element mesh was automatically
refined in the course of computing. The tools: the
punch, the die and the blankholder were assumed
rigid. The deformable element was the metal sheet.
One fourth of the solution space was analyzed under
appropriate model symmetry conditions. Shell finite
elements with four integration points (LS-Dyna ele-
ments type 16) on the plane and ten integration
points along the thickness of the shell (to better ren-
der the variation in stress along sheet thickness dur-
ing spring back) were used (LS-DYNA, 2006). Ele-
ment type 16 is a fully integrated shell with assumed
strain interpolants used to alleviate locking and en-

coefficient of 0.125 was assumed. The
blankholder force was 64000 N. The
basic material specifications used in the
simulations are shown in table 1.

Table 1. Material data

Young’s modulus (GPa) 207.3
Poisson’s ratio 0.28
Mass density (kg/m®) 7850
ro= 2.582 , 45— 1921, oo™
r-Value 2.193, r=2.154
Strength coe':fﬁment and strain K=542.3 MPa, n=0.19
hardening exponent

The work-hardening curve was entered as an ex-
perimental data table into the FEM programme. In
total there were 64713 finite elements, and 71979
elements after remeshing process. Calculations relat-
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ing to the gravitational force loading and the draw-
ing process were done using the explicit method and
the springback simulation was carried out using the
implicit method. The obtained effect of the blank
deformation under the gravitational loading was
negligible.

3. FEM CALCULATION RESULTS

The results from the simulation of rectangular
drawpiece forming with real geometry drawbeads
after springback are shown below (figure 2). The
areas of different formability for the two material
models are represented by shades of grey. A larger
area of formability occurred in the case of the Bar-
lat-Lian criterion.

()

Severs
thinning

Good

Inadequate
swetch
Wrinkling
tendency

Wrinkles

Fig. 2. FLD formability results: Barlat-Lian criterion a), Hill criterion b). Magni-

fied zone of the drawbead showing effective strain distribution c)

Fringe Levels
30008501 %81
2333001
1.667e+01 |
1.000e+01
3.333e+00
33336400
-1.000e+01

Fig. 4. Thickness distribution for: Barlat-Lian criterion a), Hill
criterion b)

The above results show that under the Barlat-
Lian criterion the distance to the FLD is the shortest,
but there is still no risk of drawpiece
fracture. Experimental verification is

needed to check the simulation results.

4. EXPERIMENTAL
VERIFICATION OF
NUMERICAL SIMULATION
RESULTS

The numerical simulation results (at
the external surface of shell elements,
according with the experiment) were
verified through the measurement of
principal strains in selected cross sec-
tions of the drawpiece. Figure 5 shows

the lines along which measurements
were made. Strains and geometry were

measured using respectively the coordi-
nation lattice method and a measuring
machine.

14 14
(@) (®)
1.2 \ ! I 1.2
14 \\ 1 1 8 - 1 ’

c £
I i o8|
‘%0.8 g
o @
E o6 Eos
5 5
204 //‘ = Zo4

e
9

The results for the measurement line
running along the drawpiece are shown

in figure 6 (the Barlat-Lian criterion)

o

08 06 04 02 0 02 04 0.8 0.6 -04

Minor True Strain

Fig. 3. Forming limit diagrams for: Barlat-Lian criterion a), Hill criterion b)

Figure 3 shows forming limit diagrams for the
material models with marked principal strain values
determined by the simulations. As one can see, clos-
est to the FLD are the calculation points approaching
the plane state of strain, determined for the Barlat-
Lian criterion.

Figure 4 shows the percentage thinning of the
sheet in the considered cases. It appears from the
FLD that the largest thinning occurs for the Barlat-
Lian criterion.

0 0.2 04
Minor True Strain

and in figure 7 (the Hill criterion). It
appears from the comparison that there
is better agreement between the experi-
mental results and the theoretical results
under the Barlat-Lian criterion. This
applies to the two principal strain components: &;
and &,. Experimental measurements of strains were
performed by excluding the range of distance 120-
140 mm. The curve approximation of experimental
strains is shown only as pictorial.

Qualitatively similar results were obtained for
the other measurement lines. The agreement for the
two strain components can be considered as good.

The numerical simulation results were also veri-
fied by comparing the calculated drawpiece geomet-
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ric dimensions after spring back with the measured
ones. As an illustration, such a comparison for the
longitudinal measurement line is shown in figure 8.
Very good agreement between the experimental and
simulation results was obtained under the Barlat-
Lian criterion. This was also found for the other
measurement lines.

7707 15

Fig. 5. Location of measurement line: longitudinal a), transverse b), skew c)

1

5. SIMULATION OF FORMING PROCESS
WITH EQUIVALENT DRAWBEADS

Thanks to the use of an equivalent drawbead lar-
ger finite elements can be used for the simulation of
the drawing of the drawpiece over the drawbead
whereby the computing time is greatly reduced. This
is particularly important when com-
plicated drawpiece shapes (very large
computing problems) are to be ana-
lyzed.

In the model an equivalent draw-
bead is represented by a line on the
surface of the tools, along which the
prescribed drawbead restraint force
(DBRF) will be exerted. The force is

distributed among the particular finite

—e—eps1 -simulation -
0.8 7 = epst-experiment o N 1 1 in-
i i i P i elemer.lt nodes which a.t a given in
o4 | eps2 -experiment y/d R stant intersect the equivalent draw-
’ B i ;

g 02 \ bead line.

3 ° ; ' + - , ' The implementation of drawbeads
02 20 40 60 80 100 1 140 16G 180 .

3 o = , (LS-Dyna software) is based on elas-
o8 NG _ /£ tic-plastic interface springs and
08 \.<'.:-/ nodes-to-surface contact. The area of

Distance [mm]

Fig. 6. Deformation diagrams for Barlat-Lian criterion — longitudinal measurement

line

the blank under the drawbead is taken
as the master surface. The drawbead
is defined by a consecutive list of
nodes that lie along the drawbead.
The drawbead line is discretized into
points that become the slave nodes to

—+— eps1 - simulation ’ch\. . .
08 1 = eps1-experiment ¥ S the master surface. The dense distri-
0,6 { =+ eps2 - simulation . )
o = eps2-experiment f .\ butlon Of pOll’lt 1eadS tO a Sl’l’lOOth
g 02 _ L LY drawbead force distribution which
4 O_Z s = = = S a0 1ea 1o helps avoid exciting the zero energy
s NN _ i (hourglass) modes within the shell
06 \\v{ ff{ elements in the workpiece.
T g DBRF is usually a function of the
-1 . .
Distance (mm properties of the sheet material, the
shape of the drawbead and the friction
Fig. 7. Deformation diagrams for Hill criterion — longitudinal measurement line conditions. A DBRF value of 140
N/mm, determined from the formula
0.8 (Weidemann, 1978; Shuhui et al.,
a 5 50 25 =1 a/ 1 5‘ 2002):
M o
2 -25 r_’ experiment
—— SiMulation - Hill criterion
W, — SiT1U]atiON -
- ) - ] - - e Barlat-Lian

criterion

Fig. 8. Comparison of theoretical results with experimental results for longitudinal

drawpiece cross section
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nificant reduction in the time of numerical calcula-
20 Ho tions.
DBRF = tw] 2L g 2% ¢ o5t ! o5t
t
4(Rg +5tj 4(Rg +5t]
Equivalent drawbead
1 R 1 N 1 N 1 L1 simulation results
1 1 1 1 I 3D drawbead simulation
4(Rb +5tj 4(Rg +Et] 4(Rg +5tj 4(Rg +5tj el

4)
was used in the simulation. In the above formula:

t — is sheet thickness, w — drawbead length, u —
a friction coefficient, ¢ — bending angle of the blank

Fig. 10. Comparison of results for real and equivalent draw-
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and P — an equivalent blankholder force per unit head
length (the binder holding force is applied to the flat
surface of the blank). The other parame- :
ters in formula (4) represent the draw- ] R /’7?"\
bead’s geometric dimensions (Weide- = TEﬁ:;:Zﬁ‘Z:?“ e 7 I
mann, 1978). The value of blankholder : 62 || a2 im aqatont rne s WA/ 2T
force per unit length in formula (4) was 302 = i ] ) i )
assumesl the same as in case of numerical 2; S 77
calculation with real drawbead. e V‘:f
The formability results for the real A =

and equivalent drawbead under the Bar-
lat-Lian criterion are compared in figure
9. The equivalent drawbeads located ex-
actly in the places previously occupied by
the real drawbeads are shown in figure 9b. The
formability areas show slight differences between
the two cases. Also the geometric dimensions show
slight differences between the two cases (figure 10).
The drawpiece flange width (the drawbead) is
slightly longer for the equivalent drawbead simula-
tion results.

(®)

real drawbead equivalent drawbead

Formability key

Risk
of cracks
Severe

thinning

Inadequate
stretch

Wrinkling
tendency

Wiinkles

Fig. 9. Comparison of formability results for drawpieces with
real a) and equivalent drawbead b)

Comparing the times of numerical calculations,
for 3D drawbead it was 52 min. 48 sec., and for
equivalent drawbead 27 min. 21 sec. It shows a sig-

Distance [mm]

Fig. 11. Deformation diagrams for Barlat-Lian criterion — comparison of results
for 3D, experimental and equivalent drawbeads

A very good indication of the correctness of
equivalent drawbead model is comparison results of
main strains with results for real drawbead and ex-
perimental results (figure 11).

The use of equivalent drawbeads did not lead to
any large differences in the results in comparison
with the ones obtained using the real drawbeads.
This means that through the smart use of equivalent
drawbeads one can obtain correct forming process
simulation results, which has been experimentally
verified.

6. CONCLUSION

The correctness of the FEM modelling of real
and equivalent drawbeads has been experimentally
verified. As regards the principal strain distributions
and the final drawpiece dimensions, good agreement
between the experimental measurements and the
FEM calculations was obtained. The best agreement
for these results occurred under the Barlat-Lian cri-
terion. The latter criterion was used to compare the
forming process calculation results for real and
equivalent drawbeads. The calculation results are
very similar for the two cases. This means that cal-
culating the drawbead restrain force from formula
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(4) and describing the sheet material by means of the
Barlat-Lian criterion one can successfully use
equivalent drawbeads. It is necessary to use the latter
when a forming technology is to be developed for
very complicated drawpiece shapes since through
the use of equivalent drawbeads the computing time
can be greatly reduced.
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EKSPERYMENTALNA WERYFIKACJA WYNIKOW
NUMERYCZNEJ SYMULACJI RZECZYWISTYCH
I ZASTEPCZYCH PROGOW CIAGOWYCH

Streszczenie

Progi ciagowe odgrywaja bardzo wazna rol¢ w kontro-
lowaniu plynigcia materialu podczas procesow glebokiego
tloczenia blach. W pracy przedstawiono eksperymentalng wery-
fikacje wynikow numerycznej symulacji progdéw ciagowych
oraz zastosowanych zastepczych progéw ciagowych. Dla anali-
zowanej wytloczki prostokatnej dokonano pomiaréw rozktadow
odksztatcen gtownych oraz zmian grubosci blachy. Modelowa-
nie MES zostalo przeprowadzone z uzyciem komercyjnego
programu LS-DYNA, wykorzystujacego do obliczen numerycz-
nych kody typu explicit i implicit. Trojwymiarowe numeryczne
symulacje przeprowadzono uzywajac warunkoéw plastycznosci
podanych przez Hilla w roku 1948 oraz przez Barlata i Liana z
roku 1989. Obliczenia dotyczace obciazenia sita grawitacji oraz
procesu samego ciagnigcia wykonano z zastosowaniem metody
explicit, a symulacj¢ spr¢gzynowania powrotnego przeprowadzo-
no metoda implicit. Weryfikacj¢ doswiadczalng wynikéw obli-
czeniowych przeprowadzono poprzez pomiar odksztalcen gtow-
nych w wybranych przekrojach wytloczki. Na podstawie otrzy-
manych wynikow badan dla progéow rzeczywistych, dotycza-
cych rozktadéw odksztatcen glownych oraz koncowych wymia-
réw geometrycznych wyttoczek, mozna stwierdzi¢ dobra zgod-
no$¢ wynikéw pomiarow doswiadczalnych z obliczeniami MES.
Najlepsza zgodno$¢ tych wynikow uzyskano dla kryterium
Barlata-Liana. Zastgpczy prog ciagowy byt okreslany w modelu
przez lini¢ lezaca na powierzchni narzedzi, wzdtuz ktérej wy-
wierana byla zadana warto$¢ sily oporu progu ciagowego
(drawbead restraint force — DBRF). Mozna wigc z powodzeniem
stosowac zastgpcze progi ciagowe z zastosowaniem przyjgtego
W pracy wzoru na sil¢ oporu progu oraz z opisem materiatu
blachy za pomoca kryterium Barlata-Liana.

Received: February 28, 2010
Received in a revised form: June 23, 2010
Accepted: June 28, 2010

- 57 -

Ll
O
Z
=
0
%)
%]
—
<
4
=
<
=
Z
%)
a)
o
T
&
=
e
=
>
o
=
o
v





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


